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Abstract: We directly measure the phase difference between the subharmonic waves of a self- 
phase-locked frequency by-2-divider OPO using a phase-sensitive detector scheme. The relative 
frequency instabili6 of frequency division by 2 is measured to be 8.10-’8. 
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All-optical, phase-coherent division of optical frequencies by two and by three using continuous-wave (cw) optical 
parametric oscillators (Oms) is of central interest for precision metrology in the near and mid-infrared spectral 
region, particularly due to its low noise and fast response time to phase-shifting effects [ 11. 
Based on our recent measurement of the frequency stability of an all-optical frequency-by-2 divider OPO [2], we 
prove in this contribution, thafthe divider’s stability is higher by many orders of magnitude. We prove this by direct 
phase-sensitive detection in the time domain. For a measmment time of 40 s, we find a residual frequency 
instability of less t h h  8.10-18. 
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Fig. 1. Experimental setup of the frequency-by-2 divider and the Hhsch-Couillaud detector. 
The frequency to be divided is given by a grating-stabilized AlGaAs-diode master-oscillator power-amplifier 
(MOPA) system emitting at 802 nm (see Fig. 1). The divider is a triply resonant two-mirror OPO based on type-I1 
phase matching in a 50-mm long periodically poled lithium niobate clystal, which generates 10 mW subharmonic 
output. Self-phase locking is achieved by mixing the two perpendicularly polarized subharmonic waves with an 
intracavity quarter-wave plate (QWP) [3,4]. 
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Fig. 2. Hach-Couillaud-detector signal as a function of time. 
The measurement of the phase difference of the subharmonic waves is based on a polarization-sensitive detector 
scheme as introduced by Hansch and Couillaud (see right side of Fig. 1)[5], such that the detector signal (“2-signal) 
is the cosine of the phase difference. Fig. 2a shows an example of the HC-signal of the free-running OPO (i.e. not 
phase-locked), here displayed over a short time of 2 ps. In contrast, Fig. 2b shows the HC-signal of the phase-locked 
OPO. It can be seen, that now the signal is constant, which is clear evidence that the subharmonic phases are locked 
to each other and that the OPO’s output phase drift is suppressed. 
The phase difference of the subharmonic waves, such as in Fig. 2, has been measured for a large range of 
different measurement times. For example, during 40 s recording, we found a change of the phase difference of only 
0.71 rad. This corresponds to a ternpod fluctuation of the phase difference of 0.018 rads, or a record-low residual 
frequency instability of 8.10“* with respect to the exact by 2 divided pump frequency. 
Although locked, the divider’s stability can be disimproved by an uncontrollable drift. Such drift can cease the 
locking, rendering all-optical locking and making long-term measurements impossible. By measuring the a c N  
phase difference of the OPO while self-phase-locked, we have, for the first time, found a way to monitor the output 
phase drift of a self-phase-locked OPO. This monitor can readily be employed to maintain all-optical locking over 
arbitmy long time intervals. 
The phase monitor together with the ultra-htgh frequency stability of all-optical frequency division is evidence 
for the high potential of this concept for precision metrology. The frequency-by-2 divider is a powerful tool to 
transfer the frequency of visible or UV standards for advanced frequency metrology in the mid infrared. 
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